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Abstract

Since 1997, the Department of Defense (DoD) has shown increasing interest
in using reverse auctions, particularly electronic reverse auctions, to purchase a
wide range of products and services. The research describes DoD’s experience
with acquisition auctions, identifying the characteristics of the buyers, sellers, and
the products/services exchanged through auctions. In general, reverse auctions
have been limited to procurement actions involving relatively standard price-driven
commercial products—products typically purchased through traditional competitive
markets. It appears that DoD has substituted reverse auctions for the market
research required in the standard DoD procurement processes; the auction service
providers are replacing federal procurement agents in advertising the procurement

action and soliciting bids from competing suppliers.

Drawing on this background, this research examines auction mechanism(s)
that appear appropriate for the defense acquisition environment. Two specific
auction designs are explored. The first is a two-stage Iterated Information
Aggregation Auction (1°A?) involving multiple product characteristics—including
price—that are specified as part of the auction bidding process. In the I°A?, the first
stage acts as market research for gathering information dispersed across the
decentralized contractor base to establish characteristic weights to evaluate
proposals in the second stage. The research showed significant potential
performance improvements when decentralized trade-off information is centralized

through the 1°A? mechanism.

The second auction mechanism involves situations where the quality of fit
between the buyer and seller affect the transaction’s value (e.g., synergy between
an author and an editor, etc.). This analysis explores the impact of asymmetric
information on the mechanism’s design. The research developed optimal
mechanisms for transactions where both parties know the quality of fit and

transactions in which only one party (the buyer or sellers) know the quality of fit.
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l. Introduction

The economy has developed several mechanisms to govern the interactions
between buyers and sellers.* Traditional markets are most effective when there are
many potential buyers and sellers and when products are relatively standardized. In
traditional markets, competition between both buyers and sellers ensures that the
market establishes an efficient price to balance supply and demand. Bargaining
generally characterizes situations where markets are thin and there are few buyers and
sellers. Forward auctions are increasingly used in cases in which there is only one
seller and several buyers. This trend is evident with the explosion of online auctions,
such as e-Bay. Reverse auctions involve a single buyer and several sellers.

E)

. ;
+<—Negotiation —>

Single Seller Single Buyer
Forward Auction Reverse Auction
? .—
- a Market
or
Double Auction
Multiple Buyers Multiple Sellers

The Department of Defense (DoD) participates in transactions that involve
several of these situations. As a consumer of specialized defense products, DoD
operates as single buyer with any where from a single to several potential suppliers,
depending on the uniqueness of the defense product. As a consumer of standard
commercial commodities, such as pencils and paper, it participates in markets with
many buyers and sellers, though the size of defense purchases often makes DoD an
atypical consumer in these markets. As a result, DoD should be expected to exploit the

! A mechanism is the set of rules that govern the interactions between parties in a relationship; in this
application it is the set of rules that govern the interactions between buyers and sellers in defense
acquisition.
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full range of transaction mechanisms, from standard market interactions to auctions and

bargaining.

Historically, the DoD acquisition process, and the federal government in general,
emphasize market transactions and bargaining. The federal government has developed
a specialized set of rules to govern these interactions (the Federal Acquisition
Regulations or the FAR); DoD has added its own set of rules to adapt the FAR to

Defense applications (the Defense Federal Acquisition Supplement, or the DFARS).

Since 1997, DoD has shown increasing interest in using auctions to exploit the
full range of transaction mechanisms. Prior to 1997, auctions were largely precluded by
the FAR; however, the 1997 FAR rewrite removed wording that prohibited auctions. As
discussed below, procurement officials now view the FAR as supporting federal
procurement auctions. As a result, reverse auctions, particularly electronic reverse
auctions, have been expanding in use across the federal government and DoD.

Several providers offer electronic reverse auction (e-RA) services and many responded
to requests for information for this research. However, only two providers contributed
detailed data: FedBid, Inc. (FedBid), and the US Army Auction and Valuation Engine
(USAAVE). USAAVE was developed by MOAI CompleteSource and is used by the

Army Communications and Electronics Command (CECOM) Acquisition Center.?

Given the transaction mechanism hierarchy described above, defense acquisition
auction applications should typically involve DoD as a single buyer facing several
potential sellers through a reverse auction. Atypically, many early DoD acquisition
auctions involved more standard commercial products and services with several
competing sellers. For example, information technology equipment, software and

supplies represented approximately 50% of the auctions between FY2002 and FY2007,

% FedBid and USAAVE data was gathered by Whitney Brown, Capt., USAF and Lana Ray, Capt., USAF
in support of this research project. Their detailed results are reported separately in Brown and Ray
(2007).
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in terms of both value and number of auctions, as conducted by FedBid, a large
defense electronic auction house.®* These early defense auction applications involve
relatively straightforward auction designs and were credited with significant DoD cost
savings (FedBid estimates 8.8% savings for DoD and 14.4% savings for the rest of the
federal government between FY2002 and FY2007; USAAVE, another defense

electronic auction house, estimates 31.6% savings between FY2000 and FY2007%).

Commensurate with the explosion of auctions in practice, there has been an
explosion in theoretical and experimental work on auctions. As a result, there is a broad
base of auction mechanisms from which to choose; auction mechanism design is
increasingly tailored to the specific situation at hand. Some important design
characteristics include the number of sellers, the number of items being purchased, the
number of items that can be purchased from each seller, the number of markets
(auctions) in which sellers simultaneously participate, etc. The more standard auction

theory does not address these more stylized circumstances.

Based on developments of auction theory, it is important to consider how
auctions have been, or could be, applied to defense acquisition. In considering this
application, imperfect and asymmetric information are pervasive themes across all of
DoD’s transactions. Asymmetric information might take several forms: imperfect
information about potential sellers’ prices or costs; imperfect information about product
guality or even DoD'’s optimal level of quality, if the trade-offs between cost,
performance and schedule are unclear ex ante; and uncertainty about the quality of the
fit between DoD and the supplier, where the fit between buyer and seller significantly
affects the transaction’s value. This research will address how DoD might tailor its
interaction with contractors to exploit auction design and address information

asymmetries.

® Brown and Ray (2007), Appendix C.
* |bid., Appendices A and B.
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This research considers three related issues, as appropriate. The research will
begin by describing the Defense Department’s experience with acquisition auctions,
which will identify the characteristics of the buyers, sellers, and the products/services
exchanged through auctions. It will indicate the characteristics of the auction
environment and whether auctions are being applied in the most appropriate instances.

Drawing on past experience, the research will examine auction mechanism(s)
that appear appropriate for the defense acquisition environment. Two specific auction
designs will be explored. The first is a two-stage Iterated Information Aggregation
Auction (1?A?) involving multiple product characteristics—including price—that are
specified as part of the auction bidding process. In the I°A?, the first stage acts as
market research or gathering information dispersed across the decentralized contractor
base to establish characteristic weights to evaluate proposals in the second stage. The
second auction mechanism involves situations where the quality of fit between the
buyer and seller affect the transaction’s value (e.g., synergy between an author and an
editor, a mentor and a protégé, etc.). This analysis will explore the impact of
asymmetric information on the mechanism’s design, including situations in which both
parties are fully informed about the quality of the match and situations in which only the
buyer (seller) has perfect information. Finally, the research will develop simulation
evidence demonstrating how the auction mechanisms perform in the defense

acquisition environment.
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1. Auction Theory

A. Auction Characteristics

As mentioned above, auctions are an appropriate mechanism to set prices in
market transactions when there is either a single seller and several buyers (forward
auction) or a single buyer and several sellers (reverse auction). Within these two broad
categories, potential auction designs can be further sub-divided into open/sequential bid
auctions and sealed/simultaneous bid auctions. In open/sequential bid auctions,
bidders or their agents are present during the auction—either physically or virtually—to
monitor the auction’s progress and bid as appropriate. Bidders in sealed/simultaneous
auctions need not be present during the auction; instead, they submit bids prior to the

auction and all bids are opened simultaneously.®

a8 Forward w ( Reverse )
Open / Sequential Bid )
English
/
| |
Sealed / Simultaneous Bid R
First Price
- — — 4

Figure 1. Alternative Auction Structures

In an English auction, bidders successively call out bids, which either raise the
current price in a forward auction or lower the price in a reverse auction. Bidders

remain in the auction until the current price surpasses their value, at which point they

® For a more detailed description of auction types see Brown and Ray (2007), chapter Il. For a general
discussion of auction theory see Campbell (2006), Kambil and vanHeck (2002), Klemperer (2002),
McAfee and McMillan (1987) and Shubick (1983). This section draws from these references

ACQUISITION RESEARCH PROGRAM

; NPS] GRADUATE SCHOOL OF BUSINESS & PUBLIC POLICY -5-

i NAVAL POSTGRADUATE SCHOOL




voluntarily drop out. The auction continues until only one bidder remains (the highest
bidder in a forward auction and the lowest bidder in a reverse auction). The last bidder
wins the auction at a price equal to the value of the last excluded bidder (the second
highest value in a forward auction and the second lowest value in a reverse auction).
The English auction is the most commonly envisioned auction mechanism and is used

routinely by many private auction houses to sell antiques, artwork, etc.

In a Dutch auction, the price starts at a price well in excess of the expected
closing price (high in a forward auction and low in a reverse auction). The auctioneer
then adjusts the price until a bidder signals a willingness to accept. Dutch auctions
have been used in Holland to sell tulips, amongst other things. The item is awarded to
the first bidder at the price bid.

As mentioned above, bidders submit their bids prior to the auction in a
sealed/simultaneous bid auction. These bids are sealed (i.e., private and unknown to
other bidders). The bids are opened simultaneously and the winner is determined
(highest bid in a forward auction and lowest bid in a reverse auction). In a first-price
sealed-bid auction, the final price is determined by the winning bid (the winner
pays/receives what it bid). In a second-price sealed-bid (Vickery) auction, the price is
determined by the first excluded bid (the second highest bid in a forward auction and
the second lowest bid in a reverse auction) (Vickery, 1961). First-price sealed-bid

auctions are the traditional sealed-bid auctions used for federal procurements.
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B. Bidding Strategies

Table 1. Auction Bidding Strategies and Outcomes

Auction Strategy Outcome

. . Highest Bidder
English Bid Up to True Value Wins at 21 Price
Dutch Trade-Off Between ???7?? — No Bids

Risk and Return Above Value

First-Price Trade-Off Between ????? — No Bids
Sealed-Bid Risk and Return Above Value
Second-Price . Highest Bidder
Sealed-Bid Bid True Value Wins at 2™ Price

Different auction mechanisms elicit different bidding behavior and potentially
different auction outcomes. The bidding strategy in the English auction is
straightforward: continue bidding as long as the current price provides a positive
surplus value (profit); drop out of the bidding once the price no longer provides a
positive surplus value. As such, the highest-valued bidder will win a forward English
auction at a price equal to the second-highest bidder (equivalently, the lowest-priced
supplier would win a reverse English auction at the price of the second-lowest-priced
supplier).

The optimal bidding strategy in a second-price sealed-bid is also straightforward:
always bid your true value. There is no potential gain from bidding either above or
below your true value, but there is a potential loss. Consider a forward auction in which
my expected value for the item being sold is $100. Recall | pay the second-highest bid
(first-excluded bid) if | win this auction. Suppose | bid $110 and the second-highest bid
is $90. | would win the auction and pay $90; my surplus (profit) is $10. However, |
would still win and earn the same surplus if | bid $100. Alternatively, suppose | bid $110
and the second-highest bid is $105. | would win the auction but pay $105, losing $5. |
would not win this auction if | bid $100. In other words, there is no gain from
overbidding in auctions that provide a positive surplus; however, overbidding can lead to

winning an auction that earns a negative surplus.
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The argument against underbidding is similar. Suppose | bid $90 and the
second-highest bid is $80. | would win the auction and pay $80, earning a $20 surplus.
However, | would still win and earn the same surplus if | bid $100. Alternatively,
suppose | bid $90 and the winning bid is $95. | lose the auction and forego a potential
$5 surplus; | would win the auction and earn the $5 surplus if | had bid $100. Thus,
there is no gain from underbidding. Underbidding does not increase my surplus if | win
the auction, but it may preclude me from winning an auction that would provide a

positive surplus.

With a dominant strategy of truthfully revealing actual value, a second-price
sealed-bid auction has the same expected outcome as an English auction: the auction
is won by the bidder with the highest (lowest) value in a forward (reverse) auction at a
price equal to the first-excluded bid—the second -highest (lowest) price in a forward

(reverse) auction. In theory, these two auction structures are equivalent.

The optimal bidding strategies are a bit more complicated in Dutch and first-price
sealed-bid auctions. When participants submit their bids in these auction formats, they
do not have any information about the bids submitted by other participants.
Furthermore, their bid determines both their probability of winning and their surplus
(profit) if they win. As a result, bidders face a trade-off between risk and return in
selecting their bids. In a first-price sealed-bid auction, | maximize my probability of
winning an auction by bidding my actual value, but that sacrifices all surplus value. As |
adjust my bid to increase my surplus, | reduce my probability of winning. If | am neutral
in my risk preferences (neither avoid nor seek out risk), | will select the bid that
maximizes my expected surplus value. In a forward (reverse) auction, this strategy
involves shading my bid below (above) my actual value. If | am risk averse, | will bid
closer to my true value to reduce my risk (but sacrificing my expected surplus—I am

paying to reduce risk).

The Dutch auction is equivalent to the first-price sealed-bid auction. As the price

falls in a forward Dutch auction, | maximize my chances of winning the auction if | bid to
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accept the price as soon as it equals my true value; however, that sacrifices all surplus
value. If | let the price continue to fall, it increases my surplus but decreases my
probability of winning (increases the probability someone else will bid to accept the
current price). If risk-neutral, | want to bid when the auction reaches the price that
maximizes my expected surplus value. As above, this involves shading my bid below

(above) my actual value in a forward (reverse) auction.

The revenue equivalence theorem demonstrates that all four auction designs
have the same expected price (seller revenue) with risk-neutral bidders and a few other
typically applicable characteristics (many bidders who all have the same distribution of
potential values, individual values that are independent across participants, and
payments that are a function of bids alone). To motivate revenue equivalence while
avoiding a formal mathematical proof, suppose all bidders are risk neutral and fully
informed about everyone’s true value. How would | bid in a forward first-price sealed-
bid or Dutch auction. If | were the highest valued bidder, | would bid a price equal to the
second-highest value; the auction would have the same outcome as an English or

second-price sealed-bid auction. No one else could outbid me without losing money.

What if | do not have perfect information about the other bidders’ values? If |
think | am the highest valued bidder, my goal is to guess the second-highest value and
set my bid equal to this estimate (I might allow for some margin of error if | am risk
averse). If bidders guess on average, and there is no reason to expect rational bidders
to systematically over- or under-estimate the range of values, then all auctions are
revenue equivalent on average. This outcome is the basis for claiming revenue

equivalence.

C. Additional Auction Mechanisms

There are several additional auction designs that have evolved to address more
unique situations. A few will be mentioned briefly here, including multi-item auctions,
multi-attribute auctions, combinatorial auctions, and hybrid auctions. Multi-item auctions

involve selling or buying multiple units of the same item, generally from multiple bidders.
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These auctions can determine a single price for all transactions or different prices for
each transaction. Multi-attribute auctions typically involve transactions in which the
buyer is interested in several attributes of the item being sold. For example, a federal
auction for spare parts might include attributes such as price, delivery schedule and
technical quality. Different bids would involve different combinations of these attributes
and the government would determine the preferred bid by weighting the attributes
according to the government’s preferences. Combinatorial auctions are typically the
mirror image to multi-attribute auctions; they are forward auctions in which buyers offer

monetary bids for items that have multi-dimensional characteristics.

Finally, there are a variety of hybrid auctions. One hybrid of interest, used in
many electronic auction sites, such as E-Bay, is the English auction with proxy bidding.
Proxy bidding allows participants to specify the maximum they are will to pay for the
item in question. For example, suppose | am willing to pay up to $100 for an item being
auctioned; the current price is $40 and the minimum bid increment is $2. With proxy
bidding, | would specify $100 as my maximum bid. This maximum is private
information. Proxy bidding would enter my bid as $42 (the current price plus the
minimum bid increment). If another bidder enters the auction and raises the bid to $50,
my proxy bid would automatically increase to $52. This would continue until either | win
the auction or the winning price exceeds $100 (I do have the option to increase my

proxy bid).

Proxy bidding essentially converts a familiar auction format, the English auction,
into a less familiar format, the second-price sealed-bid auction. With this type of proxy
bidding, the optimal strategy is to specify my true value, just as in a second-price

sealed-bid auction.

In addition to the general structure of the auction mechanism design, there are
several design characteristics that influence an auction’s performance. Some of these
features include reserve prices/minimum bids, minimum bid increments, entry fees,

auction ending rules, bidder information, etc. Brown and Ray (2007, chapter Il) provide

ACQUISITION RESEARCH PROGRAM
GRADUATE SCHOOL OF BUSINESS & PUBLIC POLICY -10-
NAVAL POSTGRADUATE SCHOOL

‘ RAESTANTIA PER SCIENT Ay



a brief introduction to these characteristics, as well as others. It is important to note that
these characteristics can affect an auction’s performance, and they are important to
consider in determining an optimal auction design. However, detailed discussion of

these attributes is beyond the scope of this research.
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I1l. Reverse Auctions in the Federal Government

A. Federal Regulations Affecting Procurement Auctions

If auctions are to be used in the federal procurement process, they must satisfy
all the relevant federal rules and regulations. This discussion, adapted from Brown and
Ray (2007, Chapter 3), briefly summarizes the relevant rules and regulations.

1. Federal Acquisition Regulation and Defense Federal Acquisition Regulation
Supplement

The primary documents regulating the defense acquisition process are the
Federal Acquisition Regulation (FAR) and the Defense Federal Acquisition Regulation
Supplement (DFARS). The FAR is the general guidance covering all federal
acquisitions; the DFARS is one of several supplements that specifically tailors the
federal policies to the defense sector, typically imposing additional restrictions and

requirements.

The FAR specifically prohibited auctions prior to 1997; in particular, FAR Part
15,610(e)(2) prohibited:

Auction techniques such as—

Indicating to an offeror a cost that it must meet to obtain further consideration;

Advising an offeror of its price standing relative to another offeror (however it is
permissible to inform and offer that its cost or price is considered by the
Government to be too high or unrealistic); and otherwise furnishing information
about other offerors’ prices.

However, this language was eliminated in 1997, and now FAR Part 1.102 (d) and FAR
Part 4.502 (a) are considered to authorize federal procurement auctions. These FAR

sections state:

FAR 1.102 (d): In exercising initiative, Government members of the Acquisition
Team may assume if a specific strategy, practice, policy or procedure is in the
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best interests of the Government and is not addressed in the FAR, nor prohibited
by law (statute or case law), Executive order or other regulation, that the
strategy, practice, policy or procedure is a permissible exercise of authority.

FAR 4.502 (a): The Federal Government shall use electronic commerce
whenever practicable or cost-effective.

2. Buy American Act

The Buy American Act (BAA) restricts the purchase of foreign-produced end-
products. While e-RA may facilitate participation by foreign suppliers, the BAA
restrictions still apply. The BAA provision and clause are included in all solicitations and
contracts, and the contractor will be held responsible for any violations. Similarly, the
contracting officers must do their part to ensure the products procured through federal

auctions adhere to the Buy American Act.

3. Procurement Integrity Act

The Procurement Integrity Act prohibits disclosure of one contractor’s proposal
information to other competitors. FAR 15.306(e)(3) similarly stipulates that the
government may not “reveal an offeror’s price without that offeror’s permission.” This
would seemingly preclude reverse English auctions, or any other auction mechanism
that publicizes the participants’ bids. Typically this is resolved by including language in
the solicitation stating that participation implies consent to reveal anonymous price data,

though there is some debate about whether participation can imply consent.

4, Socio-Economic Concerns: Small and Disadvantaged Businesses
Congress believes that “the security and well-being [of the nation] cannot be
realized unless the actual and potential capacity of small businesses is encouraged and
developed” (15 USC 631, 2006). To promote small businesses in the federal
procurement process, the Small Business Act, Armed Services Procurement Act,
Federal Property and Administrative Services Act, section 7102 of the Federal
Acquisition Streamlining Act of 1994, and Executive Order 12138, May 18, 1979, all
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incorporate guidance regarding the use of small and disadvantaged businesses (FAR
19.000).

Accomplishing this objective requires contracting officials to seek qualified small
businesses and involve them in the procurement process. This is accomplished
through a variety of outreach mechanisms to identify interested businesses, inform them
about procurement opportunities and help them navigate the federal procurement
regulations and procedures. It is also supported by dividing larger procurement lots into
sizes more consistent with small business capabilities (which is authorized by FAR
19.202-19(a)).

To further support this objective, FAR 19.5—Set Asides for Small Business—
mandates that all requirements for supplies and services between $3,000 and $100,000
be designated specifically for small businesses as long as there is a reasonable
expectation of two or more responsible small businesses. This is further applied to
requirements for services and supplies over $100,000, again assuming a reasonable

expectation of two or more responsible small businesses.

Electronic reverse auctions are compatible with these objectives as long as small
businesses have the technology and knowledge required to participate. The required
technology includes access to a computer and to the Internet. This technology is
already required to participate in the traditional federal procurement process; DFARS
252.232-7003, Electronic Submission of Payment Requests—March 2007, requires all
contractors to submit their invoices electronically, via one of several Internet/web-based

invoicing systems.

The expertise to participate in an electronic reverse auction is available to both
contractors and contracting officers through a Defense Acquisition University continuous
learning module (CLC 031: Reverse Auctions); a 22-page electronic General Services
Administration (GSA) Reverse Auction User’s Guide (GSA 2002), and Internet

resources developed by the US Army Communications-Electronics Command
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(CECOM, n.d.), the US Navy’s Supply Systems Command (NAVSUP, n.d.), The US Air
Force (2006) and several other federal agencies. Reverse auction service providers,

such as FedBid, also provide training.

In many respects, e-RA may facilitate small business participation. For example,
when a procurement request is designated as a small business—service-disabled
veteran-owned or other set-aside—Fedbid focuses its solicitation on the relevant
category of businesses, sending the solicitation to every registered vendor in that
industry, thereby satisfying the set-aside requirements. FebBid will also seek additional
qualified vendors if there are insufficient responses to the solicitation (FedBid, 2007b).

In general, e-RAs have been well received. There have been some complaints
that auctions drive prices below those negotiated in Basic Purchasing agreements
(BPAs) or Government-wide Acquisition Contracts, and some argue that the final
auction prices are too low to provide a reasonable small business profit (Stever, 2007).
However, as indicated in the auction theory section, complaints about excessively low
prices should be expected for all but the winning bidder. If the price was still attractive
to multiple vendors, they would have continued bidding. On balance, vendors have
accepted e-RAs. Only three protests have been filed with GAO to date and none were
resolved in the vendor’s favor® (GAO 2005; GAO, 2001a, GAO, 2001b).

B. Electronic Reverse Auctions: Defense Department and
Other Federal Agencies

As mentioned above, several providers offer electronic reverse auction (e-RA)
services. Two providers were able to supply detailed data for this research: FedBid,
Inc. (FedBid) and the US Army Auction and Valuation Engine (USAAVE).” This data

® For more detailed discussion of these protests, see Brown and Ray (2007, Chapter 3).

" FedBid and USAAVE data was gathered by Whitney Brown, Capt., USAF and Lana Ray, Capt., USAF
in support of this research project. Their detailed results are reported separately in Brown and Ray
(2007).
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shows the volume of transactions completed through electronic reverse auctions. Table
2 summarizes the auctions conducted by FedBid over the period FY2002—FY2007 and
by USAAVE over the period FY2000 and FY2007 (Brown and Ray, 2007, Appendix B).

The FedBid and USAAVE data summarized in Table 2 also estimated the
savings attributable to the e-RA procurement process. In both cases, FedBid and
USAAVE estimated their savings by comparing the actual contract price to the ex ante
independent government cost estimate. Using this benchmark, the savings attributed to
e-RAs are significant: 12.7% overall for FedBid, including 8.8% for DoD procurements
and 14.4% for the other federal agencies, and 31.6% for USAAVE.

ACQUISITION RESEARCH PROGRAM
GRADUATE SCHOOL OF BUSINESS & PUBLIC POLICY -17 -
NAVAL POSTGRADUATE SCHOOL

{ RAESTANTIA PER SCIENTI4
109

A4



Table 2. FedBid and USAAVE Auction Results

(Adapted from Brown and Ray, 2007)

FedBid Cost Savings by Federal Agency (FY2002 - FY2007)

Independent
Number of Government Final Award NET Savings NET Savings
Government Agency Awards Estimate Price in Dollars in Percentage

FEDERAL GOVERNMENT 18,401] $1,187,932,046 | $1,037,440,499 |$150,491,548 12.70%

DEPARTMENT OF DEFENSE 5,932] $351,179,597 $320,444,507 | $30,735,089 8.80%
Department of the Army 3,101 $146,222,796 $132,698,678 |  $13,524,119 9.20%
Department of the Air Force 316 $58,553,765 $53,909,867 $4,643,898 7.90%
Department of the Navy 1,710 $70,127,231 $63,805,400 $6,321,831 9.00%
Other DoD Agencies $76,275,804 $70,030,563 $6,245,241 8.20%

CIVILIAN AGENCIES 12,166 $829,655,257 $710,525,334 |$119,129,923 14.40%
Department of Commerce 612 $48,030,428 $43,332,910 $4,697,519 9.80%
Department of Homeland Security 1,251 $253,431,462 $204,639,316 |  $48,792,146 19.30%

[~ DEaTTTET OT FIOTTTaT Freanm
Services 213 $46,662,044 $36,555,135 |  $10,106,908 21.70%
Department of Interior 18 $340,395 $302,297 $38,099 11.20%
Department of Justice 255 $32,715,574 $27,678,009 $5,037,565 15.40%
Department of State 7,747 $385,240,840 $342,732,342 |  $42,508,498 11.00%
Department of the Treasury 570 $11,704,722 $9,552,478 $2,152,243 18.40%
Department of Transportation 52 $2,802,799 $2,584,612 $218,188 7.80%
Department of Veteran Affairs 192 $4,377,255 $4,108,847 $268,408 6.10%
Environment Protection Agency 631 $9,389,259 $8,643,728 $745,532 7.90%
General Services Administration 111 $8,122,875 $6,057,461 $2,065,414 25.40%

[~ TOE eI AgETCICS G OVETTITTENT
Corporations 227 $16,360,791 $15,049,029 $1,311,761 8.00%
Other Civilian Agencies 111 $5,669,301 $5,301,894 $367,407 6.50%
Social Security Administration 176 $4,807,512 $3,987,276 $820,235 17.10%

USAAVE Auctions (FY2000 - FY2007)

CECOM 188 $153,865,877 $105,214,195 | $48,651,682

Of equal interest to the volume of transactions and projected cost savings is the
type of commodities and services purchased using e-RAs. For the most part, e-RAs
involved relatively standard commercial products and services, in which vendor
selection is primarily price-driven. Commercial products include computer software and
hardware, office supplies, field warfare supplies (tents, batteries, flashlights, flak vests),
trailers, refrigerators, dishwashers, and plasma televisions. Commercial services

include hotel room and conferencing services, copier maintenance, training and
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services related to commodity purchases (installation services). For a complete list of
commodities and services, see Appendix A and B, reproduced here from Brown and
Ray (2007). As discussed above, standard commercial products and services are not
the traditional product domain for reverse auctions. Reverse auctions traditionally target
products with one buyer and several sellers; DoD is only one of many buyers for most of

these commercial products and services, albeit a large buyer in at least some cases.

In addition to the cost savings estimates summarized above, e-RAs have been
credited with several additional benefits—both price and efficiency related. In particular,
e-RA cost-related benefits focus on improving transparency by increasing price visibility,
providing a comprehensive audit trail (including the names and number of bidders,
prices of their bids, the number of vendors contacted, and the number of vendors
choosing not to bid), encouraging full and open competition and ensuring that prices are
fair and reasonable. Efficiency-related benefits involve time savings both for the
government contracting officials and from reducing the procurement cycle-time required

to go from solicitation to contractor selection.

C. Reverse Auctions as a Market Research Pricing Tool

In traditional procurement processes throughout the federal government,
procurement offices follow FAR 7.102 guidelines requiring them to compete
procurements to the maximum extent practicable. This typically requires soliciting, but
not necessarily obtaining, quotes from three to five vendors. Time is generally the
limiting factor because buyers have to manually gather a list of qualified vendors, call or
e-mail those vendors to request quotes and then assimilate the results of the submitted
guotes into a report before selecting the winner. The small number of quotes obtained

reflects the heavy workload and time needed to acquire and process the quotes.

In the 2006 Hearing on Federal Contracting in Disaster Preparedness and
Response House Committee on Government Reform, FedBid testified that it provides
“direct access to over 400,000 sellers in the government’s seller database [the Central

Contractor Registration]” (Fox, 2006, p. 6). FedBid adds up to 100 vendor sales agents
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each day during peak buying cycles, so the number of vendors contacted by a single
buyer is quite large (FedBid, interview with W. Brown and L. Ray, September 19, 2007).
Once a solicitation is posted with FedBid, it contacts the relevant vendors in its data
base. As a result, e-RAs can involve significantly more competitors than traditional

procurement processes.

Table 3 summarizes the average number of sellers that FedBid contacted per
solicitation, the average number of sellers bidding per solicitation, and the average
number of “no bids” per solicitation. All three measures offer different competition
metrics; in general, potential competition and contestability of markets is the critical
dimension. The average number of sellers bidding per solicitation is the most narrowly
focused measure of competition. These sellers are clearly active competitors. The
average number of sellers contacted is the broadest measure of competition; all of
these sellers are potential competitors but their interest ranges from strong to none.
The number of vendors who decided not to compete in that specific auction and
responded with “no bid” provides an intermediate measure that reflects the number of
sellers expressing interest in competing for the solicitation. For comparison, Appendix
B reports the number of vendors participating in the USAAVE auctions; on average,

there were 5.09 vendors per solicitation in the 188 procurement actions.

Table 3 and the USAAVE data in Appendix B highlight the advantages offered by
e-RAs as they are currently implemented. In targeting commercial price-driven products
and services, e-RAs are replacing traditional market research and expanding
competition by tapping into a much larger pool of potential competitors. Increasing
competition has two reinforcing effects. If prices are distributed probabilistically across
potential suppliers, increasing competition gives DoD more draws from the distribution,
increasing DoD’s chances of finding a lower-cost supplier. In addition, potential
suppliers will likely submit prices that are closer to their actual costs as competition

increases, accepting lower profits to increase their probability of winning the contract.
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Table 3. FedBid Results
(Reproduced from Brown and Ray, 2007)

7Ave. No.

7Ave. No. WAve. No. ofiiAve. No. of
Number of  of Sellers | Bids per “No bids” of Sellers  Ave. Savings
Government Agency Awards Bidding Auction per Auction Notified in Dollars
FEDERAL GOVERNMENT 18,401 5.9 13.6 44.6 836.5 $8,178.44
.|
DEPARTMENT OF DEFENSE 5,932 4.7 10.2 55.7 1,012.9 $5,181.24
Department of the Army 3,101 4.1 8.9 59.6 1048.2 $4,361.21
Department of the Air Force 316 3.7 8.7 58.8 1027.7 $14,695.88
Department of the Navy 1,710 5.7 11.9 48.3 971.5 $3,696.98
Other DoD Agencies 805 4.8 121 55 958.8 $7,758.06
CIVILIAN AGENCIES 12,166 6.5 15.3 39.0 738.9 $9,792.04
Department of Commerce 612 6.8 18.6 41 744.3 $7,675.68
Department of Homeland Security 1,251 5.9 14 355 628.2 $39,002.51
Department of Human Health
Services 213 3.9 8.3 63.9 1079.6 $47,450.27
Department of Interior 18 8.8 21.2 42.3 728.5 $2,116.61
Department of Justice 255 5.4 12.8 53.2 1078.2 $19,755.16
Department of State 7,747 6.4 14.8 38.1 734.5 $5,487.09
Department of the Treasury 570 7.2 19.9 22.1 440.5 $3,775.86
Department of Transportation 52 14 36.3 54.7 995.2 $4,195.92
Department of Veteran Affairs 192 5.2 11.2 44.7 832.9 $1,397.96
Environment Protection Agency 631 8.5 17.7 36.7 721.8 $1,181.51
General Services Administration 111 6.8 15.4 17.6 269.2 $18,607.33
Independent Agencies /
Government Corporations 227 6.7 14.8 100 1949.2 $5,778.68
Other Civilian Agencies 111 6.3 16.1 12.6 179.8 $3,309.97
Social Security Administration 176 6.6 18.5 44.8 737.3 $4,660.43

For example, suppose DoD is purchasing an item that has a price variability
between $100 and $500. In particular, prices for potential suppliers are independently
and uniformly randomly distributed between $100 and $500. As the number of
suppliers contacted increases, the expected cost for the low-cost contractor decreases.
The expected cost for the low-cost supplier is $233.33 with two suppliers. This falls to
$200 with three suppliers, $150 with seven suppliers, $125 with 15 suppliers and $120
with 19 suppliers. This is pictured by the lower line in Figure 2 below.
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Expected Bid for
Low Cost Supplier

Price

Expected Price fO
Low Cost Supplier

100

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
Bidders

Figure 2. Effect of Competition on Expected First-Price Auction Price

However, the supplier will not reveal this price in their cost estimate. Instead, as
described above, suppliers will overstate their costs to increase their profits, but the
degree to which they can overstate costs will be tempered by the level of competition
present. As competition increases, cost estimates will approach the supplier’s actual
cost because the contractor does not want to risk losing the contract. Figure 2 shows
the expected profit maximizing bid for the low cost supplier as the number of competing
suppliers increases. This is the expected price bid in a first-price sealed-bid auction or
other similar contractor selection process. If there are two suppliers, the bid that
maximizes expected profits for the low-cost supplier is $366.67 (recall cost is $233.33).
This falls to $300 for three suppliers (cost $200), $200 for seven contractors (cost
$150), $150 for 15 contractors (cost $125), and $140 for 19 contractors (cost $120).

This example in Figure 2 illustrates the dual impact of increasing competition as

e-RAs have replaced more traditional market research. Suppose the number of
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competing suppliers increases from three to seven in the situation described above.
With three contractors, the government would pay a price of $300 ($200 cost and $100
supplier surplus). As competition increases to seven suppliers, the expected
government price falls to $200; the expected low-cost estimate falls from $200 to $150
as DoD receives quotes from more contractors and the low-cost contractor’s bid
includes a smaller profit margin ($50 as opposed to $100 with three suppliers). The
33% decrease in price is evenly divided between lower actual cost and lower supplier
surplus. With 15 suppliers as opposed to 3, the government’s expected cost would fall
from $300 to $150; expected cost would fall by $75 (from $200 to $125) and competition
would reduce supplier surplus by $75, from $100 to $25.

Note that this figure also illustrates the revenue equivalence theorem. The upper
line represents the expected cost for the second-lowest-cost supplier. If DoD used
either an English or second-price sealed-bid auction, this would represent the price paid
to the winning (low-cost) contractor. Under a first-price sealed-bid or Dutch auction, this
line represents the expected profit maximizing bid for the low-cost contractor.
Essentially, the low-cost contractor attempts to estimate cost for the second-lowest-cost
contractor. This upper line represents the government’s expected cost for all the

standard auction mechanisms.

D. Lessons Learned From Using Federal Reverse Auctions

The theory describing reverse auctions characterizes them as an appropriate
mechanism to address transactions when there is a single buyer and several sellers. In
contrast, DoD and federal experience with reverse auctions seems to emphasize
transactions in which there are many sellers but the government is only one of many
potential buyers of the product or service, including relatively standard price-driven
commercial commodities and services. In this use, DoD has substituted the reverse
auction, and support from the auction provider, for the market research federal
procurement agents conduct when DoD purchases these items through a more

traditional procurement process.
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The alleged cost-savings attributed to reverse auctions is calculated as the
difference between the government’s independent cost estimate and the final price after
the auction. Itis likely that these savings reflect an increase in competition from e-RAs.
Competition has two effects: it increases the number of cost estimates, which increases
the probability of finding a lower cost estimate; it decreases the sellers’ surplus as
competition encourages bids closer to actual costs. Data from FedBid and USAAVE
indicate that reverse auction significantly increases the number of suppliers actually
bidding on a contract, compared to the traditional market research process. Data from
FedBid further emphasizes that potential competition might be significantly greater than
this because a large number of suppliers are notified about the solicitation, though some

choose to submit “no bid” and others are even less active.

Winners in reverse auctions can also be based on best value, as opposed to best
price, where best value includes price, past performance and technical factors—
depending on the needs and preferences of the buyer.? The buyer states whether the
award will be based on the lowest price or the best-value in the solicitation. Depending
on the size and complexity of the procurement, the buyer might also provide specific
weights for evaluating price, technical factors, timeliness, and/or past performance.
Currently, price, delivery time, and past performance are the most common factors used

by the federal agencies.

USAAVE has the capability to support best-value auctions using a two-step
sealed-bidding process; the sellers submit their technical proposal first with all other
required information (such as company qualifications and past performance

8 FAR 13.106-2(4)): For acquisitions conducted using[...] a method that permits electronic response to the
solicitation, the contracting officer may—(i)[...] identify from all[...] offers received one that is suitable to
the user, such as the lowest priced brand name product, and quickly screen all lower priced quotations or
offers based on readily discernible value indicators, such as past performance, warranty conditions, and
maintenance availability; or (i) Where an evaluation is based only on price and past performance, make
an award based on whether the lowest priced of the quotations or offers having the highest past
performance rating possible represents the best value when compared to any lower priced quotation or
offer.
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information), so that the buyer can determine if that vendor is a qualified supplier.
According to CECOM, “Once the evaluation was completed that these [vendors] are
technically acceptable they would be put in a pool then be invited to go ahead and
partake in the reverse auction” (Meinert, 2007). USAAVE also has a weighted value
function that is particularly useful in determining a best-value award. Non-price factors
are evaluated and assigned a subjective adjectival grade in accordance with a
predetermined grading scale. After the adjectival rating is assigned to the factors in the
vendor’s bid, an overall weighting scale is used to calculate a final bid score that is
posted with the vendor’s bid. Both the buyer and the vendor who submitted the subject
bid are able to see these weightings, which the agency believes helps to prevent
protests (Meinert, 2007).

FedBid has a similar automated best-value weighting tool, but it is currently
deactivated because its e-RAs are primarily used for competing price-driven
commodities in a simplified acquisition scenario. Delivery schedule is the primary factor
federal agencies consider when they want to include factors other than price. In this
case, FedBid encourages vendors to submit multiple bids where the price may be lower
for slower delivery times and higher for faster delivery times. The buyer then evaluates
and selects the winning bidder by trading-off monetary and non-monetary factors as
accounted for in the solicitation. The winning bidder may or may not be the “lowest”
bidder at the conclusion of the auction, depending on the best-value determination.
One complication is using the best-value approach if uncertainty exists in setting the
appropriate weighting factors, which will be addressed in detail in the following section.
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V. Procurement Auctions as a Market Research
Tool: The I?°A? Mechanism

A. Introduction
Any decision a defense organization makes to procure a product or service from
an external supplier is, in actuality, a series of interdependent decisions. In particular,

the procurement decision involves, at a minimum, determining:

1. What should be procured,;

2. How it should be procured;
3. From whom it should be procured; and
4. At what price it should be procured.

Economic analyses of the procurement process have, to this date, tended to
focus on the latter three questions while neglecting the prerequisite first question: What
(precisely) should be procured? Instead of offering insight into how this primary
guestion might be addressed, however, economists have simply assumed the answer to
be determined a priori: The procuring organization presumably knows what they want,
the argument goes, so it is fair to assume that the description of what is to be procured

can be relatively easily determined internally.

Procurement practitioners are well aware, however, that determining what should
actually be procured can, contrary to the assumptions of most economists, be a
complicated and arduous process. For example, Federal Acquisition Regulation (FAR)
requires an information gathering phase that may involve conducting extensive market
research, generating a reasonable cost estimate, identifying basic product
requirements, as well as generating appropriate evaluation criteria and metrics (FAR
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Parts 7, 10, & 11). These tasks require the attention and energies of multiple

individuals within the organization from contracting officers to end-users.

Even if economists were to generally recognize that determining what should be
procured is a complex process, it may nonetheless not be immediately apparent how
the field of economics can contribute to our understanding of the issue. After all, why
should not the analysis of this initial stage of the procurement problem simply be left to
engineers, market researchers, and others? The reason, as we shall see, arises from
the fact that determining precisely what should be procured requires procuring
organizations to gather and aggregate a broad set of information that is:

1. Incomplete—No single actor or organization possesses all of the relevant
information. The procuring organization may have some
understanding of its needs but may possess only limited knowledge
regarding the capabilities of current technology and probably even
less knowledge about the costs incurred by individual contractors to
produce this technology. Each individual contractor, on the other
hand, may have a good understanding of its own cost structure and
technological capabilities, but may possess only limited knowledge
about the procuring organization’s true needs or about the cost
structures and technological capabilities of its competitors.

2. Diffuse—The relevant information for determining what should be procured
is spread across numerous organizations. The full gamut of
information about needs, costs, and capabilities is spread among
the procuring organization and all of its potential contractors, which
could be numerous. A key piece of information about state-of-the-
art capabilities, for example, could be possessed by only a single
contractor while another key piece of information could be
exclusively possessed by a different contractor. Full information
aggregation thus requires extracting knowledge from a wide
number of organizations—a formidable undertaking for traditional
market research methods.

3. Private—Information possessed by any organization, particularly about
costs or capabilities, may be known only within that organization
and, moreover, the organization may have little incentive to
truthfully reveal its information. For example, while traditional
market research might involve asking a contractor how the
procuring organization’s needs might best be satisfied by existing
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technology, the contractor has every incentive to convince the
procuring organization that its needs can best be met by
technologies in which that particular contractor has a comparative
cost or capability advantage. Effective information aggregation
requires the creation of incentives for contractors to truthfully reveal
their private information.

While other fields of study have much to contribute to determining precisely what
an organization should procure, the problem of overcoming the above three
fundamental information “obstacles” to achieve effective information aggregation is one
that is ideally suited for economics. In particular, the economic field of mechanism
design is devoted to the development of appropriate systems which (a) create
incentives for individuals and actors to truthfully reveal their private information, (b)
efficiently aggregate this diverse (and sometimes conflicting) information, and (c)

identify optimal choices based on the aggregated information.

In the analysis that follows, we will employ the economic methods of mechanism
design to develop an iterated procurement auction mechanism which endogenously
aggregates information and determines what should be procured, how it should be
procured, from whom it should be procured, and at what price it should be procured. We
will first introduce an economic model which captures a number of important details
related to the incentives and information conditions which exist in the procurement
arena. We will subsequently present the iterated auction mechanism and illustrate how
it addresses all four key procurement questions identified above. Finally, we will employ
computer simulation to evaluate the performance of the proposed auction mechanism

relative to alternative procurement methods.

B. Quality and Buyer Incentives

Whether procuring a new aircraft, a desktop computer, or even lawn-care
services, in addition to price considerations, there may be a wide number of quality
dimensions over which to measure a product/service offering from a potential

contractor. Answering the “what should we procure” question essentially boils down to
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determining which of all the possible quality dimensions should matter and how much

they should matter.

For example, determining which type of aircraft to procure is equivalent to
determining the relative importance of each of a myriad of possible quality dimensions,
such as speed, maneuverability, range, and so on. In turn, the relative importance or
“weight” that a procuring organization places on different quality dimensions will
determine the types of aircraft offered by contractors and the specific type of aircraft that
is ultimately acquired. The relative weight placed on each quality dimension also
indirectly determines which contractor will ultimately produce the aircraft, with the
winning contractor generally being the one capable of providing the greatest “bang for
the buck”—"bang” being specifically measured by the weights placed on the various

dimensions of quality.

While there will typically be many different dimensions of quality over which to
evaluate a product or service, in what follows we will simplify our presentation by limiting
the analysis to two dimensions. Thus, suppose that the array of quality elements is
limited to two components: reliability (x) and delivery schedule (y). Note that the
analysis that follows can be generalized to a scenario with any number of quality

elements, but it will simplify the discussion to focus on the two-dimensional case.

The relative importance of these two quality dimensions to the buyer (i.e., the
procuring organization) can be expressed by weights placed on the two elements when
determining overall quality. In particular, let overall quality be given by ax + By, where a
indicates the importance or weight placed on reliability (x) while B is the importance or
weight placed on delivery schedule (y). A tradeoff between the two elements of quality
is induced by making the additional assumption that o + § = 100. Thus, if a is relatively
high (i.e., reliability is relatively important) then g must be relatively low (i.e., delivery

schedule is relatively less important) and vice versa.
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Suppose the buyer procures a product or service with reliability level x and
delivery schedule y from a chosen contractor, and the buyer pays the contractor a price
P for this product or service. Then, the overall value (v) to the buyer is determined by

subtracting price (P) from quality (ax + By). In other words, we have:

v = overall value
X, y = elements of quality

a, = weight placed on each element of quality, where « € U[0,100] and £#=100-«
P = price
V=ax+py-P

C. Cost and Seller Incentives

Each contractor or potential seller has a cost function that is independent of the
buyer’s value function. In particular, we assume that any given contractor j who
provides a product or service with quality levels x and y has a cost function that can be

expressed as:

C, = total cost from firm
X,y = elementsof quality
a;,b; =marginal cost parameters for each element of quality, where a; ,b; € U[0,10]

C,=ax*+b,y’

Note that the firm’s cost function is quadratic in order to capture the usual
condition of increasing marginal costs. In other words, if the firm increases quality in
one dimension, costs go up exponentially rather than at a constant rate. Also note that
the cost function creates a tradeoff between quality elements: For any given level of
total cost, any increase in quality element x will necessitate a decrease in quality

element y and also vice versa.

Contractor profits are, of course, simply price minus cost. Thus, any given
contractor j which sells a product or service with quality levels x and y at a price P has a

profit given by:
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IT; = total profit for contractor j
I1;,=P-C,

_ 2 2
IT;=P-ax"—b;y

D. Buyer and Seller Information

As noted previously, it is often the case that the buyer in any procurement (the
DoD in this case) has only imperfect information about its own preferences. In other
words, the buyer is not always fully aware of all possible capabilities of available
technology nor is the buyer fully aware of the precise benefits of these capabilities.
Similarly, contractors may have better (or at least different) information about the
capabilities of available technology, but may have only an imprecise understanding of
the benefits of these capabilities for the buyer. Thus, information about the true nature

of buyer value is both incomplete and diffuse, as described previously.

In the model we have presented, the uncertainty about buyer value can be
captured by assuming that both the buyer (DoD) and the sellers (contractors) have
incomplete information about the true value of o and 3 (the weights on the different

elements of quality) in the buyer’s value function.

To represent this incomplete information condition, we can envision the
information about o and B that is held by the buyer and each seller as being provided
via a series of independent draws by each player from an opaque urn containing 100
balls. In this urn, there are o black balls and  white balls (recall that o + § = 100). An
individual player (be it a buyer or seller) infers the true number of black and white balls
in the urn (the true values of a and B) from the information received from its draws (the

number of black and white balls).

To represent the different levels of precision in information about buyer
preferences, suppose that the buyer (DoD) draws m, balls from the urn while each
seller (contractor) draws mg balls from the urn. Note that the buyer might have more

precise information than each contractor, in which case we would have my > mg, or the
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buyer might have less precise information than each contractor, in which case we would

have m, < ms.

Recognize that if the buyer draws B black balls and W white balls from the urn,

then his ex ante estimates of the values of o and B will be given by:

a, = buyer's ex ante estimate of the value of «
p, = buyer's ex ante estimate of the value of g

o, =—2— %100 = 2% 100
B+W m,

g =—N_100-Y »100
B+W m,

Each individual contractor j's ex ante estimate of the value of o and  (o;; and £3;)
will be determined the same way based on the individual contractor’s draws from the

urn.

Note that each player’s information about the true value of o and B (i.e., the
number of black and white balls drawn by that player) is private information, known only
to that player. This means that the buyer or any contractor may or may not truthfully
reveal his or her information about o and B in the process of any procurement

mechanism.

Also assumed to be private information are the marginal cost parameters a; and
b; associated with any contractor j’'s cost function. In other words, a contractor’s true

cost structure is known (ex ante) only to that contractor.

Before proceeding, it is important to note an important incentive effect of the
presence of private information about both cost and value in this model: Unless
somehow induced to truthfully reveal its private information, any contractor j will
generally seek to convince the buyer that its estimate o; is high (and, thus, its estimate

Bj is low) whenever its marginal cost parameter g; is low relative to its cost parameter b;,
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and will generally seek to convince the buyer that its estimate «; is high (and, thus, its
estimate f; is low) whenever its marginal cost parameter a; is low relative to its cost
parameter b;. In other words, each contractor has an incentive (ex ante) to deceive the
buyer in a way that steers the buyer towards quality weights, which correspond with the
contractor’s own relative cost advantage and thus increases its likelihood of winning the

contract.

E. The Iterated Information Aggregation Auction (12A2)

The discussion to this point has simply introduced a model of the procurement
environment and, thus, has been applicable to any type of procurement mechanism. In
this section, we will describe our proposed iterated information aggregation auction
mechanism (hereafter, 1°’A?> mechanism) and calculate the outcome of this mechanism

when used in the procurement environment that we have been describing.

The 1A% mechanism consists of six stages, as illustrated in Figure 3 below. The
stages shaded black represent actions by the sellers, the stages shaded white
represent actions by the buyer or auctioneer, and the stage shaded gray represents the
starting probabilistic action by “nature” in which all players are endowed with their initial

information.

Stage 1: Stage 2: Stage 3: Stage 4: Stage 5: Stage 6:
Background Initial Auction Update Elimination Final Auction Award

Players endowed Each seller j Buyer updates & Sellers with least Each remaining Winning seller &
with incentives & submits a bid announces new value bids are seller j submits a contract price
information (%i,yiP) estimates of a & B eliminated bid (x;,y;,P;) announced

Figure 3. The Iterated Information Aggregation Auction (1°A?)
Mechanism

1. Stage 1: Background
Stage one is not actually part of the auction mechanism itself; however, it is

included in our description here because it represents the background setting of the
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initial incentives and information that players possess as they participate in the 1°A?

mechanism.

As part of this stage (and prior to the actual auction), the buyer will be endowed

with incentives in the form of values for the quality parameters a and 3 as well as

estimates « and ,5 of these parameter values. The buyer will not know the true value of

a and B and will begin with only the estimates & and ,5’ Recall that these estimates are

modeled as being based on m, independent draws from an urn containing a black balls
and B white balls.

In this pre-auction stage, each seller will similarly be endowed with its initial
incentive and information condition. In particular, any seller j will be endowed with
incentives in the form of values for the cost parameters a; and b;, which are known to the
seller (and only that seller), as well as estimates a; and @; of the true values of the
guality parameters a and 3. Recall that seller estimates of a and 3 are modeled as
being based on ms independent draws from an urn containing a black balls and B white

balls.

2. Stage 2: Initial Auction

In stage two of the game, each contractor j will submit a bid to the buyer (DoD)
that consists of two quality elements (x; and y;) and a price (P;). The objective each
contractor has in stage two is to decide the optimal levels of P, x, and y based on the
individual contractor cost function and the information about buyer preferences from the

draw in stage one.

An individual seller j has two crucial components of information. First, the

contractor has complete knowledge of its individual cost function:

_ 2 2
Cj =a;X; + bjyj

ACQUISITION RESEARCH PROGRAM
GRADUATE SCHOOL OF BUSINESS & PUBLIC POLICY -35-
NAVAL POSTGRADUATE SCHOOL




The contractor also has some information (as much as, but different from, any

other individual contractor) about the true values of a and 3.

i The Generalized Second-Price Auction and Truthful Revelation of Costs
Both the initial and final auction stages will be conducted as a generalized multi-

dimensional second-price auction. This means that the bids will first be ranked

according to the overall value delivered (as perceived by the buyer), with the value of

any contractor j's bid being given by:
v, =ax, +py, P,

The sellers from the initial auction who are chosen to proceed to the final auction
will be those sellers who submit the n highest value bids. The winner in the final auction
will be the seller who submits the highest value bid. The feature that makes the auction
a generalized second-price auction is that the winning seller in the final auction is not
paid the price it bid but rather the highest price the seller could have bid and still been

the winner in the final auction.

For example, suppose seller j submits a bid (x;,y;,P;) that generates perceived
buyer value v; and that seller i submits a bid (x;yi,P;) that generates perceived buyer
value vi. Further suppose that seller j’'s bid is the highest value bid and that the seller i’'s
bid is the second-highest value bid. In this case, seller j would win the auction and
would deliver a product/service with quality dimensions x; and y;, and in return, the buyer
would pay seller j a price of P; + (v; - vi). In other words, the winning seller is paid the
price bid plus the additional value delivered over the second-place bidder. Note that the

winning seller is consequently always paid as much or more than the price bid.

This generalized second-price auction format is employed because it induces
truthful revelation of costs. This well-known characteristic of generalized second-price
auctions will not be proven here, but the implications in the current context are that it is

the optimal strategy for any seller j to submit, as part of its bid, a price P; that is exactly
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equal to its cost C; of delivering a product/service with the quality values x; and y;

submitted in its bid. Thus, each contractor j will bid such that:
2 2
P, =C; =a;X; + b;y;

While the winning seller will not be announced until after the final auction, it is
important to note that bids placed in the initial auction are also considered binding bids.
In other words, if it is determined in the last stage of the I°’A*> mechanism that a bid
placed in the initial auction actually delivers higher overall value to the buyer than any
bid placed in the final auction, then the buyer can (and will) choose as the ultimate
winning bid the highest-value bid that was placed in the initial auction. Allowing for a bid
placed in the initial auction to be selected as the ultimate winning bid guarantees that
bids placed in the initial auction are also truth-revealing (such that any contractor j will
bid P; = C; in the initial auction as well). Note that, if bids in the initial auction were not
binding, a seller would have an incentive to bid a price that was below cost to increase
its chances of being identified as a high-value bidder and be selected to participate in
the final auction. With binding initial bids, it is instead optimal for each contractor to bid

truthfully (setting price equal to cost).

An additional important characteristic of the generalized second-price auction is
that such an auction can generally be expected to produce contract prices that are (in
expectation) the same as the contract prices that would be generated in a more
traditional first-price auction (in which the winning seller is paid the exact price it bid).
Again, this result will not be proven here, but the Revenue Equivalence Theorem
discussed earlier states that the second-price procurement auction will result in the
same contract costs on average as a first-price procurement auction, assuming that the
bidders are risk-neutral and that certain other general conditions hold. In fact, the entire
analysis which follows can be easily adapted to a mechanism in which first-price
auctions are employed; however, the analysis would be a bit more complex (the price a

contractor bids would no longer precisely equal its cost; however, the buyer could
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calculate the seller’s optimal pricing strategy and then backward-induce its true cost

from the price bid).

ii. Eliminating Low-Value Bidders and Truthful Maximization of Value

As we have noted briefly to this point and as will be addressed in more detail,
those sellers whose bids in the initial auction generate the lowest overall value for the
buyer will be eliminated from the process, meaning they will not be invited to submit
bids in the final auction. This is an important feature of the mechanism because it
ensures that it is in each contractor’s best interest to submit an overall bid that, given
the contractor’s information, maximizes the value it can profitably provide the buyer.

To understand why contractor elimination is an important feature of the
mechanism, imagine what would happen if all contractors who bid in the initial auction
were also invited to bid in the final auction. As we will see, the I°A? mechanism is
designed such that the buyer uses contractor bids placed in the initial auction to update
its estimate of the importance of various dimensions of quality (i.e., to update its
estimates of a and ) before proceeding with the final auction. If all contractors who bid
in the initial auction also bid in the final auction, a contractor would have little incentive
to offer a bid in the initial auction that maximized buyer value, but would instead have
every incentive to offer a bid that might simply steer the buyer towards quality weights
that correspond with the contractor’'s own relative cost advantage, thereby increasing
the likelihood of winning the contract in the final auction. For example, if a seller j had a
very low value for g; (a low marginal cost of providing quality dimension x), it might offer
a very high x; in its initial bid in hopes of convincing the buyer that quality dimension x
was more important than it really was. This would severely undermine the most
distinctive feature of the I’A? mechanism, which is truthful information revelation and

aggregation.

However, with the provision that only the n highest-value bidders will be able to
offer bids in the final auction, the I°’A?> mechanism creates competition at the initial

auction stage. These competitive pressures create a strong incentive for each seller to
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submit a bid in the initial auction that truthfully maximizes the value it can profitably

provide the buyer.

iii. The Contractors’ Optimal Bidding Strategy

As we have shown, the use of the generalized second-price auction will induce
each contractor to bid in a manner that truthfully reveals its cost (i.e. to bid P;=C;) and
eliminating the least-value bidders after the initial auction will induce each contractor to
bid in a manner that truthfully maximizes buyer value. Combining these two results

allows us to calculate each contractor’s optimal bidding strategy.

In particular, contractor j's objective in the initial auction is to submit a bid with P;

= Cjand also:

Choose x; and y; to maximize buyer value

— Choose x; and y; to maximize a;x; + 8,;y; - P,

— Choose x; and y; to maximize a;X; + f;y; —C;

= Choose x; and y, to maximize a;X; + B;y; —(a;x’ +;y?)

=> Choose x; and y, to maximize (a;x; —a,x} )+(5,y; —b,y})

Given that there is no interaction between x; and y; in the above objective

function, we can separate the objective into two independent objectives:

Choose x; to maximize a;x; —a;X;
and

imi 2

Choose y; tomaximize 5,y; —b,y;

Each contractor j’'s optimal bid can then be determined by differentiating each of
the above objective functions (and setting the derivative equal to zero) to find the

maximum value attainable for each function.
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d_Xj(anJ —ajxf)zozj ~2a,x; =0
aj
= XJ ZE
J
and
d
W(ﬂjyj _bjy?):ﬂj —2b;y; =0
j
_ B
=Y,
]

Thus, it is each contractor’s optimal strategy in the initial auction to submit a bid

(%;,y;,P;j,) such that:

a;
X;=——
2a,
' 2b,
2 2
P, =a;xj+b;y;

3. Stage 3: Update
In stage three of the 1°’A? mechanism, the buyer updates its own estimates of the

true values of a and 3 based on the bids submitted by contractors in the initial auction

(stage 2). The sellers do not take any action in this stage.

At this point in the process, the buyer has two components of information from
which to estimate the true values of o and . First, the buyer knows its individual
estimates from the background stage one (o and By). Additionally, the buyer also

knows the bids (x;, y;, P;) from each contractor in the initial auction of stage two.

Although the individual contractors have not directly revealed their estimates of a

and B, the buyer can infer each contractor j's estimates o; and Bjbased on its bid (x;, y;,
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P;) in the initial auction. From our analysis above, we know that optimization by

contractor j yields a bid with:

o.
Xj=——=a;=—
23, 2X;
y By P
2b; 2y,

2 2

P =a;xj+by;

Substituting the first two equations above into the third yields:

P = ﬂ X?+ ﬂ y2
J ZXJ- J Zyj J

ax By,

Pj =11 717y
2 2

ZPJ. :ocjxj+,6’jyj

Finally, substituting ; = 100-g; into this last equation gives us:

2P, = a;X; +(100—aj)yj
2P, =100y, +a; (X, - ;)
2P, - 100y; =, (X; - ¥;)
_ 2P, - 100y,
Xj =Y
100(x; —y;)-2P, +100y; 2P, - 100,

B;=100-¢; = Xy, = Xy,
J J J J

&,

Thus, the buyer can infer any contractor j's estimates of o; and ; from its bid (x;,
y;, Pj). Combining these estimates with the buyer’s own estimates o, and B allows the

buyer to generate updated estimates of a and 3 as follows:
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a

updated estimate of «

,3 = updated estimate of S
N = number of sellers bidding in initial auction

N
mye, +M Y,
i1

ISH

- m, + Nm,
N
mbﬂb +m52ﬂj
~ =
o m, + Nm,

After the buyer updates its estimates of a and [3, the buyer provides an “update”
to the sellers by announcing the new estimated values « and ﬁ as calculated above.

This announcement effectively puts all players (the buyer and all sellers) on equal
footing in terms of information about the true values of a and . The buyer has
effectively aggregated all the diffuse private information about a and B that exists in the
market and shared this aggregation with all the sellers. Note the number of initial sellers

is a key variable in the I?A? mechanism because the larger the pool of information, the

more accurate the estimatesa and ,5’ will be in this stage.

4, Stage 4: Elimination

In the fourth stage of the I°A? mechanism, the buyer will rank the sellers
according to the estimated value delivered by their bids in the initial auction. In
particular, the buyer will use the new parameter estimates a and ﬁ calculated in stage

three to assign an overall value to each contractor’s bid. The estimated value to the
buyer from any contractor j's bid consisting of quality levels xj and yj with price Pj will
thus be:

7 :o?xj +py, P,

Assigning a value to each contractor’s bid according to this formula, the
contractors will be ranked from highest value to lowest value. Only a subset of
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contractors, those whose initial bids generated the greatest value, will be allowed to
continue to the final auction in the following stage. As noted previously, eliminating
sellers prior to the final auction is necessary to create competition in the initial auction
stage and induce each seller to submit an initial bid that truthfully maximizes (to the best
of the seller’s perception at that point) the value that it can profitably provide the buyer.

5. Stage 5: Final Auction

In stage five of the I°’A?> mechanism, each seller who was retained from the
previous stage submits a new bid in a second and final auction. The bidders in this final
auction will incorporate the new aggregate estimates of a and 3, which were calculated
and announced by the buyer in stage three. It will again be optimal for each seller to
truthfully reveal cost as part of its bid (i.e., to bid a price equal to cost) and to bid in a

manner that truthfully maximizes buyer value.

Thus, the objective of any contractor j in the final auction is to submit a bid with P;

= Cjand to also:

Choose x; and y; to maximize buyer value

— Choose x; and y,; to maximize ax; + By, —

— Choose x; and y; to maximize dx. Jr,éyj -

= Choose x; and y; to maximize ax; +,ByJ ( i +b iV )

— Choose x; and y; to maximize ax; —a, x +( )

This maximization problem is solved in the same manner as was illustrated
above for the initial auction in stage two. In a result that parallels the result from the
initial auction, we find that it is any contractor j's optimal strategy to submit a bid
(%;,y;,P;j,) in the final auction such that:
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~

' 2a

_B
Yi 2b,
P.=ax{+by;

Note that all sellers have the same information about the buyer’s quality
parameters a and § in the final auction, thus the only thing that will distinguish the

sellers’ final bids will be their differing cost parameters a; and b;.

6. Stage Six: Award
The last stage of the I?A? mechanism is the award announcement. The

successful seller is the firm whose bid maximizes total value as perceived by the buyer
(i.e., the one whose bid maximizes ax; +ﬁyj —P;). As noted previously, however, the

auction is conducted as a generalized second-price auction; therefore, the winning firm
is not paid its own price bid. Instead, the winning firm is paid the highest price that it
could have bid and still won the auction.

Recall from above that using a generalized second-price auction induces the
contractors to reveal their true costs and that the Revenue Equivalence Theorem
implies that the buyer would pay the same price (on average) regardless of whether a
first-price or second-price auction is used.

The preceding analysis has allowed us to full characterize the expected behavior
and outcomes under the 1°’A> mechanism. To evaluate the performance of this
mechanism, however, we must compare it to more traditional procurement

mechanisms, which are introduced in the next section
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F. The Alternative: Single Procurement Auctions

To identify and quantify the benefits of using the I?A%> mechanism, we must
compare it to the more traditional single procurement auction alternative. In what
follows, we will present four possible variations of the single procurement auction and
characterize the expected behavior and outcomes under each variation. Each of the

four variations follows a similar structure as illustrated in Figure 4 below.

Stage 1. Stage 2: Stage 3: Stage 4: Stage 5:
Background Publish Auction Update Award
Players endowed (Optional) Each seller j (Optional) Winning seller &
with incentives & Buyer publishes its submits a bid Buyer updates its contract price
information estimates of a & 8 (%5,5,Py) estimates of a & 8 announced
Figure 4. Single Procurement Auction Structure

Figure 4 highlights that the background stage (Stage 1) as described for the 1°A?
mechanism also exists in each of the single-auction variations. In other words, prior to

the actual auction, the buyer will be endowed with incentives in the form of values for
the quality parameters a and  as well as estimates « and ,5’ of these parameter

values. Moreover, each seller j will be endowed with incentives in the form of values for
the cost parameters a; and b; as well as estimates a; and B; of the true values of the
quality parameters a and 3.

It is also important to observe from Figure 2 that stage two (“publish”) and stage
four (“update”) are considered optional. It is the optional nature of these two stages that
will separate our four variations of the single procurement auction. The “publish” stage
involves the buyer communicating a, and Bp—its own starting estimates of a and —to
the sellers before the auction. The buyer will publish its prior estimates in two of the
variations below and the buyer will not in the two other variations. The “update” stage
involves the buyer updating its estimates of a and (3 based on the bids submitted by the
contractors. The buyer will perform an update in two of the variations below and the
buyer will not in the two other variations.
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In each of the variations that follow, we will continue to assume that a
generalized-second price auction is employed. This not only assures that we are
comparing “apples to apples” when comparing alternatives but also greatly simplifies
the analysis since the generalized second-price auction will induce each contractor to
bid in a manner that truthfully reveals its cost (i.e. to bid Pj=C;). Recall that the winning
bid and the price paid (on average) will be the same for a second-price auction as for
the first-price auction and, moreover, the entire analysis which follows can be easily
adapted to variations employing first-price auctions; however, the analysis would be a

bit more complex.

1. Variation #1: No Publish / No Update

The simplest variation of the single procurement auction is one in which the
buyer neither publishes its own prior estimates of the weights on the various dimensions
of quality nor does it update its estimates of those weights after observing the bids

submitted.

By not updating its estimates of a and 3 based on seller bids, the buyer is
essentially relying exclusively on its own prior information about what type of
product/service will deliver the most value and ignoring any information that the sellers
might possess. Moreover, the final award will be determined according to the buyer’s

own prior estimates of a and .

By not publishing the weights in advance of the auction, the buyer is essentially
choosing to not reveal precisely how the auction winner will be determined. Each seller
must instead rely only on its own individual prior estimates of a and  when formulating
a bid.

This variation of the single auction approximates a situation in which the buyer is
ambiguous about the evaluation criteria during the solicitation (perhaps to mitigate
protest risk), but the buyer is fairly certain about the appropriate evaluation criteria and

its ultimate desired product/service.
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Recognize that the seller’s optimization problem in this variation of the single
auction is the same as for the initial auction in the 1°’A?> mechanism. Thus, any seller j's

optimal bid (x;y;,P;) will again be given by:

a;
X;=——
2aj
-
! 2D,
2 2
P, =a;xj+b,y;

Since the buyer does not update its estimates of a and {8 in this variation, the
winning seller will be the one whose bid maximizes the buyer’s perceived overall value
according to its prior estimates a, and Bp. Thus, the buyer will assign any bid (x;y;,P;) a

value vj = apX; + Bpy; — Pj and the winning bid will be the one which maximizes this value.

2. Variation #2: No Publish / Update
A second variation of the single procurement auction is one in which the buyer

does not publish its own prior estimates of the weights a and (3, but does update its
estimate of those weights after observing the bids submitted. This variation of the single
auction approximates a situation in which the buyer waits until the bids are submitted to
determine its evaluation criteria (i.e., the final weights it will place on each dimension of
guality) and chooses not to communicate its own prior estimate of those weights before
the auction—perhaps because the prior estimates might differ significantly from the final

weights used to evaluate bids.

As with the previous variation (and with the initial auction in the 1°A? mechanism),
the seller must rely only on its own individual prior estimates of a and 3 when

formulating a bid. Consequently, any seller j's optimal bid (x;,y;,P;) will again be given by:
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a.
X j

‘:2_aj
i 2p,
P.=ax{+by;

As in the I°A? mechanism, the buyer in this variation of the single auction will
update its estimates of a and 3 before assigning a value to each submitted bid. In fact,
because the seller’'s optimal bid in this single-auction variation is the same as its optimal

bid in the initial auction from the 1°’A?> mechanism, the buyer’s calculation of updated

estimates of o and 3 are also the same:

a = estimate of optimal «

/3 = estimate of optimal /8

N
mye, +M Y,
-1

ISH
Il

m, + Nm
N
mbﬂb +m52ﬂj
~ =
d m, + Nm,

In this variation, the winning seller’s initial bid maximizes the buyer’s perceived

overall value according to these updated estimates of a and 3. Thus, the buyer will

assign any bid (x;y;,P)) a value ,v; = &xj + ﬁyj - P;and the winning bid will be the one that

maximizes this value.

3. Variation #3: Publish / No Update

The third variation of the single procurement auction is one in which the buyer
does publish its own prior estimates of the weights a and 3, but does not update its
estimate of those weights after observing the bids submitted. In other words, in this

variation the buyer ultimately evaluates bids using only its own prior information about
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product/service quality (i.e., its own prior estimates of a and ) but informs the sellers

upfront exactly how bids will be valued.

This variation of the single auction approximates a situation in which the buyer
knows (or at least believes it knows) how product/service offering should be evaluated,
and the buyer is open and explicit about this knowledge with the sellers. As with
Variation #1 discussed previously, by not updating its estimates of a and 8 based on
seller bids, the buyer in this variation is essentially relying exclusively on its own prior
information about what type of product/service will deliver the most value and ignoring
any information that the sellers might possess.

In this variation, the contractors know precisely how their bids will be evaluated
and they will use this information to formulate their bids. In particular, any seller j knows
that the buyer will assign his bid (x;y;,P;) a value vj = apX; + Bpy; — P;. Thus, it is the
objective of any contractor j in this variation of the single auction to submit a bid with P;=

C; and to also:

Choose x; and y; to maximize a,X; + £,Y; — P,
— Choose x; and y; to maximize o, X; + 4,y; —C;

H 2 2
= Choose x; and y, to maximize a,X; + 4,Y; —(a,x; +b,y})

= Choose x; and y, to maximize (a,x; —a,x} )+(4,y; =b;y;)

This maximization problem is solved in the same manner as previously done. In

a result that parallels previous results, we find that each contractor j’'s optimal strategy is

to submit a bid (x;,y;,P;,) in the “publish / no update” variation of the single auction such
that:
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Q,
X, =2

' 2a
_b
Yi= 2b,
2 2
P, =a;xj+by;

As already noted, the winning seller in this variation will be the one whose bid
maximizes the buyer’s perceived overall value according to its prior estimates a, and By

(i.e., the bid which maximizes v; = apX; + Buy; — P)).

4, Variation #4: Publish / Update

The final variation of the single procurement auction is one in which the buyer
publishes its own prior estimates of the weights a and [3, but ultimately evaluates the
bids based on updated estimates of those weights. This variation of the single auction
approximates a situation in which the buyer waits until the bids are submitted to
determine its ultimate evaluation criteria (i.e., the final weights it will place on each
dimension of quality), but nonetheless chooses to communicate its own prior estimates
of those weights before the auction, allowing sellers to incorporate this additional
information into their bids. It is important to note in this variation that the estimated
weights announced ex ante are different from the weights actually employed ex post to

evaluate bids, which in actual practice, could increase protest risk.

In this variation, the sellers have an opportunity to update their own estimates of
a and B (using the estimates published by the buyer) prior to submitting their bids. In
particular, a contractor j will update its estimates of a and B by calculate weighted-
averages between its own estimates (q; and B;) and the estimates published by the
buyer (ap and Bp). The weights assigned to each prior estimate will be the number of
draws from the urn (either ms or myp) associated with the estimates. Thus, seller j's

updated estimates of a and B are given by:
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My, + M

i
m, +m,

N o_ mbﬂb + msﬁj
! m, +m

To formulate its bid, each seller will solve the usual optimization problem using

these updated estimates, yielding an optimal bid (x;,y;,P;) which satisfies:

X;=—-
2aj
, b
! 2D,
2 2
P, =a;xj+b,y;

As in the original 1?’A? mechanism, the buyer can re-estimate the true values of o
and B in this variation of the single auction based on the bids submitted by contractors.
The mathematics of this re-estimation are more complicated in this case, however,

because the buyer must first extract each seller’s individual updated estimates

a; and ,3]. and then, from these individual updated estimates, the buyer must extract

each seller’s original estimates «j and 4. Nonetheless, the buyer can still infer any
contractor j’'s estimates of o and Bj from its bid (xj, yj, Pj) (we will forgo the
mathematical demonstration of this inference in the interest of brevity). Combining these
estimates with the buyer’s own estimates, ab and Bb, allows the buyer to generate

updated estimates of o and B as was done in the 1A% mechanism:
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a = updated estimate of «
3 = updated estimate of yij

N
My, + MY
=i

Q>
Il

m, + Nm,
N
mbﬂb +msZﬂj
. ~
p m, + Nm,

In this variation, the winning seller’s bid maximizes the buyer’s perceived overall

value according to these updated estimates of a and . Thus, the buyer will assign any
bid (xj,yj,Pj) a value v, = &xj + ﬁyj - P,, and the winning bid will be the one which

maximizes this value.

G. Comparing the Estimation Accuracy of Alternatives

To this point, we have fully characterized the expected behavior and outcomes
under the I?A? mechanism as well as under four different variations of the traditional
single auction alternative. To assess the value of the proposed 1°’A> mechanism,
however, we must identify and compare measures of performance across the various
alternatives; the ultimate measure of performance from the buyer’s perspective is the

overall value that is delivered.

The particular procurement environment we are investigating is one in which
there is significant uncertainty, at least initially, about the manner and the degree to
which any procured product/service will deliver value to the buyer. Both the seller’s
ability to deliver value and the buyer’s ability to assess value are constrained by the
information they possess about the marginal benefit of different dimensions of quality—

about the true values of the parameters a and .

Consequently, one important measure by which to compare the alternative
procurement mechanisms is the accuracy of the parameter estimates used by the buyer

and sellers under each mechanism. In other words, how well do the sellers know what
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the buyer wants when they place their bids, and how well does the buyer know what it
wants when it selects from among these bids? The more accurate the estimates of a

and B, the better calibrated will be the sellers’ bids and the buyers’ selection process.

To begin this comparison, the table below lists, for each procurement alternative,
(1) the parameter estimates used by the sellers when submitting their bids (more
specifically, their final bids under the I?’A> mechanism), and (2) the parameter estimates

used by the buyer when selecting a winner from among these bids.

Table 4. Seller and Buyer Parameter Estimates under Procurement Alternatives

Procurement Estimates Used for Final Bid |Estimates Used to Select Winner
Alternative Estimate of o | Estimate of | Estimate of a | Estimate of a
Single-Auction Qj Bj Qb Bo
Variation #1:
No Publish / Seller’s Prior Seller’s Prior Buyer’s Prior Buyer’s Prior
No Update Estimate Estimate Estimate Estimate
Single-Auction of Bi N N
Va%iation #2: J J m,ar, + mszaj m, G, + mSZﬂj
No Publish / Seller's Prior | Seller’s Prior = =
Update Estimate Estimate m, + Nm, m, + Nm,
Single-Auction ap Bb ap Bb
Variation #3:
Publish / Buyer’s Prior Buyer’s Prior Buyer’s Prior Buyer’s Prior
No Update Estimate Estimate Estimate Estimate
Single-Auction N N
Variation #4: My, + M m, B, + M B; m,e, + mszaj m, 5, + msZﬂj
Publish / m, +m, m, +m, 1= 1=
Update m, + Nm, m, + Nm,
Iterated Information N N . .
Aggregation mbab + ms ;aj mbﬂb + ms ;ﬁj mbab + ms jz;aj mbﬁb + mS;ﬂj
Auction (I*A%) m, + Nm, m, + Nm, m, + Nm, m, + Nm,

Among the 20 cells in Table 4 above, there are four different estimates of a and

four corresponding or parallel estimates of 3. To compare the accuracy of these
estimates, recall that these estimates are each based on a number of independent

observations from a binomial distribution— the “draws from the urn” metaphor that was
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described previously. Consequently, the accuracy of any one of these estimates will
depend directly on the number of independent observations or draws from the urn that
are incorporated into the estimate—the greater the number of observations, the more

accurate the estimate.

To further our comparison, Table 5 below lists the number of observations and
resulting accuracy ranking for each corresponding pair of a and 8 estimates. For
purposes of the table, we have assumed that my > ms, or that the buyer has more
information than any individual seller about the ultimate determinants of quality. We
have assumed my > ms rather than the opposite, not only because it arguably holds true
(at least marginally) in most cases, but also because any bias it introduces is a bias

against the proposed 1°A? mechanism.

Table 5. Observations Aggregated and Accuracy Ranking of Parameter Estimates

. . Observations :
Estimate of o Estimate of Aggregated Accuracy Ranking
N N
mye, + MY, m, B3, +m, > f,
b™b S j b/~b S j t
= = m, + Nm, 1°
m, + Nm, m, + Nm
m,e, + M m, 5, + M B, g
B e == 1) m, +m, 2"
m, +m m, +m,
3I’d
a m :
b By b (Assuming my, > ms)
4th
a ; m .
) B ; (Assuming mp > ms)

While Table 5 presents an ordinal ranking of the parameter estimates, it is
valuable before proceeding to make some observations about the degree of difference
in accuracy between the various estimates. As noted previously, it may not always be

the case that my, > mg and, even when this inequality holds, the difference may be
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minimal. Consequently, the difference in observations and accuracy between the third
and fourth-ranked estimates above could be only marginal. The difference between the
second and third-ranked estimates above could be somewhat more significant, as my, +
ms could be two or more times as large as my; however, our assumption that m, > ms
implies that there are less than twice the number of observations for the second-ranked
estimates above as for the third-ranked estimates. Finally, and most importantly, the
difference between the first and second-ranked estimates above, at least in terms of
number of observations, is the most significant, as my + Nms could be several times as

large as mp + ms.

With the ranking of the various estimates in hand, we can now proceed to rank
the various procurement alternatives in terms of overall accuracy. Thus, Table 6
presents, for each procurement alternative, (1) the ranking of estimates used by sellers
when submitting their final bid, (2) the ranking of estimates used by the buyer when

selecting a winner from among these bids, and (3) a combined overall accuracy ranking.

Table 6. Accuracy Ranking of Procurement Alternatives

Procurement Ranking of Ranking of Overall
Alternative Estimates Used for | Estimates Used to Accuracy
Final Bid Select Winner Ranking

Single-Auction
Variation #1: 4™ 3" 5t
[No Publish / No Update
Single-Auction
Variation #2: 4™ 1t 3
No Publish / Update
Single-Auction
Variation #3: 3" 3 4™
Publish / No Update
Single-Auction
Variation #4: 2" 1t 2nd
Publish / Update
Iterated Information
Aggregation Auction 1% 1% 1%
(I°A%)
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In most cases, the overall accuracy ranking of a procurement alternative is easily
determined; however, the relative positioning of the “no publish / update” and “publish /
no update” alternatives is slightly less straightforward. Nonetheless, the previous
discussion regarding the degree of difference in accuracy between various measures

dictated that the former be ranked third and the latter ranked fourth.

The most important result presented in Table 6 is that the I?A?> mechanism clearly
comes out as the top-rated alternative in terms of the accuracy of parameter estimates
used in the process of bidding a